N bJ 




3v the end c: Tb i?ci : we w.a„ nave spent approximately b-- *= 
"Elion or. ballistic missile defense programs, inducing SI. 1 billion 
on eariv vanning; the amount currently planned for TV 1962 is about 
c 2 ~ billion, with SI / 4 billion allocated to the early warning area. 

In suite of these large amounts of money., the prospect of developing 
a real!'.' effective active defense of our uroan population aga.nsi. e. 
mass attack from the USSR is bleak : has- always been so, and there 
are nc sreat grounds for hope that the situation wili markedly im- 
orcve in the future, no matter how hard we try. 

The bleak outlooK Goes not arise because it is impossible to 

M. Assessment of our terminal defense systems 
EUS), in fact, gives us a high confidence that low-rate- 
of-arrival targets can be effectively destroyed. It arises because of 
the enemy's ability, through the use of penetration aids (decoys, low 
radar c r o s s - section warheads, multiple warheads) to insure our 
destruction at a cheaper cost to himself than it costs us to counter ^ 
his move by increased firepower, in addition, in the absence of fail- 
out shelters, it lies within the enemy’s power to annihilate our popu- 
lation fcv fallout even if we succeeded in developing an effective termir 


The use by the enemy penetration aids in conventional ICBM’s 
ficienily effective from his point of view that we do not need to 
:erv seriouslv more sophisticated threats, such as "bombs in 


If the outlook is admittedly bleak, why are we spending so mucn 
mcnev and effort on the ballistic missile defense program? 

The Drincioal reasons follow: 


► armed IC3M threatens us 


Tne nuclear - a.rmec IC3M threatens us with annihilation; the 
= re so high that we must explore every alternative of strength - 
•- miiitarv posture. At present, our strategy is to reiv com- 
on cur retaliatory capability for deterrence. However, the ^ 
t no conceivable defensive system has ever, or will ever, p.o- 
"umbrella" (i. e. , 100% effective defense) should not prevent 
i developing (and perhaps deploying) partially effective systems 
rn-.-e in the oast in the manned bomber era). Detense measure f 


ccmpncste :r.e enemy's planning, force him tc the expenditure of effort ' 
ic counter tr. err. . me limit the damage he car. cc with a giver, level of 
attack, .here is some chance that changes ir. technology v.-fh provide 
us w:tr a means c: defense which should be combined vhth our offensive 
capability to maximize our military effectiveness. 

u. Our deterrent posture is clearly enhanced, speciiicallv bv 
tre early vanning provided as part of the anti -Ai CBM program. " 

~- r : e ^‘temelv important reason is the influence vh ich c-ur 
caiiistic missile defense program exerts on our own offensive capa- 
bilities, and hence on our deterrent posture. Not only does the anti - 
iCBM effort provide a spur to our own penetration aids program, but 
also provides the necessary technological guidance. 


4. ^ Closely allied to the last reason is the fact that cur ballistic 
rmss.ie c-eiense program provides us with a knowledge of enemy caps- 
bilities. Knowing what is possible and feasible, for example, enabled 
us to make a reasonable assessment of the USSR anti-IC3M program. 

■ ■ h egarcles s of the effectiveness c: the defense, our inter- 
national prestige requires that we maintain a vigorous effort corre- 
sponding tc the USSR program. 

c. r mally, trie technological base of knowledge, techniques and 
equipment which the anti-ICBM program is providing may be extremely 
.rrmc. -c.*- 1 i n a-cr.anged world situation. The effectiveness of our de- 
fense may be much higher in an arms control environment or against 
nations with a technological capability lo*wer than the USSR. 

Vfe may also ask, what value have we received from the money 
already spent ir. anti -I CBM programs? 

1. r ir st and most important, we have a much clearer understand - 
02 me problems of I CBM defense. 

“■ vv e kave the Ballistic Missile Zariy Warning System (BMUWSj 
partially operational. When fully operational, it will contribute sig- 
nificantly tc our deterrent posture against mass ICBM raids. 

- • e have the most promising active defense system (NIKZ- 
4 — tS) weh on its way to development. 
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2/4 billion, with SI / 4 billion allocated to the early warning area, 
r. suite o: these large amounts of money.. . the prospect of developing 
really effective active defense of our uroan population age.^nst & 
r - ss a - v :ack from the USSR is bleak : has- always been so, and there 
re nc ?rea: grounds for hope that the situation will markedly tm- 
ir0 ve ir. the future, no matter now nard we try. 


'The bleak outlook does not arise because it is impossible to 
:roy an ICEM. Assessment of our terminal defense systems 
t /kike ZEUS), in fact, gives us a high confidence that low- rate 
.rrival targets can be effectively destroyed, it arises because of 
enemy's ability, through the use of penetration aids (decoys, low 
tr cross-section warheads, multiple warheads) to insure our 
:r uc tier at a cheaper cost to himself than it costs us to counter 
move by increased firepower. In addition, m the absence of fall- 
shelters, it lies within the enemy’s power to annihilate our popu- 
on by fallout even if we succeeded in developing an effective terms 
mse system. 

“he use by the enemy penetration aids m conventional iCnM s 
efficiently effective from his point of view that we do not need to 
: verv seriouslv more sophisticated threats, such as "bemos in 


If the outlook is admittedly bleak, why are we spending so mucr 
money and effort on the ballistic missile defense program? 

The or in dual reasons follow: 


nuclear -armed ICEM threatens us wita annum 
v.-.rrr. T*r?* we must exnicr e every alternative o: 


.nnihilation; the 


s are so high that we must expjore e v £t*> 
our military posture. At present, our : 


e-.-t-o our miiitarv oosture. At present, oar strategy is to rely com- 
pletely on cur retaliatory capability for deterrence. However, the 
fact that nc conceivable defensive system has ever, or will ever, pro 
vide an "umbrella" (i. e. , 100% effective defense) should not prevent 
us from developing (and perhaps deploying) partially effective system 
,,-f nave in Vne oast in the manned bomber era). Defense measure 
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cc.. .plicate tr.e er.e...y's planning, force him tc me e:-:penci:ur e of effort 
to counter tnerr.. anc limit the damage he car. eolith a giver, level of 
attac.m .here is some chance that charges tr. technology wdl provide 
us v:m a ...ears c: defense which should be cc mb tree with our offensive 
c “. we - : : - c ntaximize our military effectiveness. 

u. Our deterrent posture is clearly enhanced, specifically by 
tne early warning provided as part of the anti - A3 CBM program. " 

extremely important reason. is the influence vh ich our 
caliistic missile defense program exerts on our own offensive capa- 
bilities* ^and hence on our deterrent posture. Not only does the anti- 
1CBM effort provide a spur to our own penetration aids program, but 
also provides the necessary technological guidance. 

4. ^ Closely allied to the last reason is the fact that cur ballistic 
missile deiense program provides us with a knowledge of enemy capa- 
bilities. Knowing what is possible and feasible, for example, enabled 
us to make a reasonable assessment of the USSR anti -1 CBM program. 

" ‘ ' ^ e £ ^ * cl ess o± the eifectivenes s of tne defense, our inter- 

national prestige requires that we maintain a vigorous effort corre- 
sponding to the USSR program. 

c. r maily, tne technological base of knowledge, techniques and 
ec-„-p_ : er. : ^ hi ch me anti 'lur.Vi program is providing may be extremely 
.m.wCa -=■■-!. m a -cr.anged world situation. The effectiveness of our de- 
fense may be much higher in an arms control environment or against 
nations with, a technological capability lower than the USSR. 

V,le may also ask, what value have we received from the money 
already spent ir. anti-lCBM urograms? 


1. r :rst and most imp ortant, we have a much clearer understand 
-f - z of tne prod em s of ICBM defense. 

Lt we nave the Ballistic Missile Early Warning System (SMEWS) 
partially operational. When fully operational, it will contribute sig- 
nificantly to our deterrent posture against mass ICBM raids. 

Vv ‘ e il£ve l ‘ he rnost promising active defense system {NIKE- 

Z±.uS) well on its way to development. 


4. Mne Missile Defense Alarm System (MIDAS) is also maxing 
substantial dev elopmer.tal progress. 

5. Significant techno! ogical advances (which bear not only on 
Ballistic Missile Defense but or. many other technological areas) are 
direct outgrowths of the program. For example: 


a. High powered radar tr ar. Emitters . The change in this 
field can be measured by the fact that a few years ago to 
receive a radar echo from the moon was considered remark- 
able. Mow, moon echoes are sc numerous anc powerful that 
they constitute a nuisance and must be screened out. The 
field of racar astronomy has been mace possible by the high • 
powered tr ansmitier s . 

fc. Radar-phased array techniques (electronic scanning) 
is now almost at the point of application. 


c. The mass production of cheap precision electronic 
components (diodes, resistors, etc. ) has been immeasur- 
ably spurred by our THUS development. 



The following tabulation summarizes (roughly) the amount 
money which has been spent, and which is planned for FY 1 9dZ, 
of the principal areas of our ballistic missile defense program. 
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S S 97 
189 
28 

SI, 114 


c 55 


20C 


S 258 
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29C 


Lor.nr.uinE 



276 472 

9_ Continuing 

2£5 


46 Continuing 

28 Continuing 

74 


Measurements k Techniques 
Measurements , 

Techniques 

Total 


224 
92 
31 6 


113 

50 

163 


Continuing 

Continuing 


GRAND TOTAL 


$2,417 $ 780 


* Operational cost excluded. After completion, this •will run about SS7 million 
per year. 


Tin ally, the only operational system being deployed in the entire anti- 
ballistic area is SMEWS. Deployment of ZEUS, at least for the present, •was 
decided in the negative by not including procurement funds in the Kennedy defense 
budget. In fhe meantime, development of ZEUS is being pushed at the maximum 
rate. No active defense system other than ZEUS is even close to the deployment 
stage. The general measurement and techniques effort (primarily AT. PA 1 s 
DEFENDER) is being supported adequately. 


The remaining portions of this summary -will consist 
meats of the folio vine subdivisions of the anti -I CBM effort: 

AfLLiJ - I ' .L-L.L UJ J , 

and 


Active Defense; Satellite Surveillance! 
and Techniques. 




of individual assess- 
Early Warning; 
Measurements 
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SUMMARY 



- ne € Lr^esi possiole warning of the i c.ur. c hi n g of enemv ballistic missiles 
i? oovccusly desirable. The ouestior. of how much we are willing tc oav for s. 
river. e.\.:a r.u...oer o: minutes. or tc atrair. a greater geographical coverage 
ci possiPie .Ltncntg io cations , : s dependent or the number and r\pe of offensive 
weapons a vail aide tc both sices, and the concept as to their use. 


As long as our Strategic Air Command consists primarily cf E52 long- 
range ocmoers. ooviously early warning is of the greatest importance. The 
warning prevents time for some fraction cf our bombers to become airborne 
auc e s cape destruction; encugn, we trust, tc constitute an effective deterrent 
tc tne enemy. But, furthermore, the warning does not commit us irrevocably 
to a war. since the homo e r s can be recalled if the circumstances dictate. These 
compelling reasons led to the implementation of SMEWS. 


Assuming ICBMs completely replace our bombers, the situation is 
changed. Our ICBMs cannot be launched and then recalled. They must be 
protected by hardening, dispersion, mobility and redund ancy. Dpctr ine must 
be developed as to how to employ them if we are rattacked, 

SB 


loses some of its value, 
bur civilian leadership and milit; 
civil defense. It is from this standpoint that f 
should be viewed. 


*f Hence, early warning 

It is still very desirable from -1 the standpoint of alerting* 
command. It mav have a small value for 


ire developments in early warning 


The Ballistic Missile Early Warning System (SMEWS), already partially 
operational, can make a significant contribution to our. present deterrent posture. 
It will consist, when completed, of three large radar installations in the far 
north to detect enemy missiles launched across the North polar regions toward the 
United States. It has limitations: low angle firings can evade its beam and it 
cannot warn against submarine-launched or ’long -way- round" missiles. But it 
does have the advantage of being technically feasible; the first station at Thule 
is now operational; and the complete three station system will probably give 
reliable warning of the most likely mode of attack: mass IC3M raids across the 
North polar regions. Prom 10 to 40 minutes warning will be provided, depending 
on location and time of flight. 


The Missile Defense Alarm System (MIDAS) cannot be deployed before 
1964-65 at the earliest and is therefore subject to the considerations .presented 
above. 
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y "~y ccn 5 ‘ 01 c ' r '°- tir -£ ^£.teiliie£ equipped with iririrec sensors 
uerignec to ce:ec: USSrv missiles or. launch. Two serious problems must, and 
grcoaoiy can, oe overcome. "vVe must demonstrate the ability c: MIDAS to 
“ rue " ar ? eI£ :rorn otner radiating objects such as clouds; and 
great e::ort must be expended or. reliability to assure enough life in orbit for 
— ^ s uppor^Dl e . It woulc have the advantage ove r 

“■ ^ :ur:d£hin g £n additional 5 to 20 minutes famine time and of beinc 

£t ie£SI in P r ^cipi-, of world-wide coverage, including the oceanic 
r 6 ?- C ‘~ i C “ EUD *-^ r -nes can attack us. whether the additional warning 
7*' T\ — ‘ £ 7 c j* cfiPiQ^en:, justifies the large expenditures which 

^ouic oe required to make the system operational should* be given serious 

' c “'~° " kilL/.-iS rmght conrrioute to world stability if its out- 

T-+*v* T * c ^ ITirnunic2 ' ted to ail nations, and it may prove to be a useful 
-.."exigence tool » particularly in a situation involving arms control. 

Another tecnnique which is being worked on is "over-the-horizon-radar, 
: C ^ . ft ricl£rs at a relatively low frequency bounce their beams off the 
10 no spnere and thus overcome the line-of- sight limitations of the radar horizon. 
Junemy missiles would be detected over Russia from radars based in friendly- 
countries, with relatively simple equipment. Its disadvantage is that it would 
■ ^Pletely disrupted by natural ionospheric disturbances. Research and 
ceve.opment is continuing primarily because of the ootential usefulness of the 
tecnnique for intelligence and as a complement to other technioues for early 
w-aramg. * ! 


-i 1 T £ ?a?er d ° eS n0t deal with the methods which must be devised to 
/' nQ ‘ e ar f act or ‘ the naming provided, except to point out that the oroblem is 
^ncamenta 1 to the question of "why early warning? " V, J e must be prepared,' 
-riLiHg ind aole to react to the warning provided. 


6 



a c t: v z deed :< s z s u mma r y 


Active defense (by which is meant those .ballistic Missile Defense 
systems which are designed to shoot down an enemy missile or warhead in 
its iight) can be divided into three classes: terminal defense (e. g. , ZEUS), 
r.. a course "ion V., and boost intercept ;tn e I CBM is destroyed in Its boost 
pr.as e - - e. g. ; oAMBI) . The first of these is by far the 'most advanced and 
isasioie system witn present technology. Considering mass Soviet .attacks, 

,w-c- central tecnnical prooiems of terminal defense systems are (1) the 
degree to vaicn decoys can be discriminated and (2) whether or not cheat) 
ant ei:e ctive Kill m e cnam s m s can be developed which will permit the fire- 
power ci our batteries to be greatly increased at comparable cost to the 
present system. .both oi these situations are discouraging but not hopeless, 
use of atmospheric sorting, and particularly the combination of optical and 
ranar data, may ameliorate the problem of discrimination. Improvement in 
accuracy ci our missile may allow non-nuclear warheads (e. g. , pellets). 

Ii these problems could be overcome, it is likely {although by no means 
certain) tnat a ZEUS- type system could effectively defend the physical plant 
cities anc key facilities. It should be emphasized that for protection of 
tne urban population, a combination of active defense and fallout shelters are 
required; since the enemy can impact bursts beyond the range of the terminal 
ce: er.se system and let the resultant fallout be lethal to the population. 

For protection of our own missiles, studies show that such measures 
as careening, mocility, and redundancy are more economical than ZEUS 
deiic yment. 

Decoys would probably be significantly less serious for a terminal 
detenso system tnat is hardened itself and designed to defend only hard targets, 
i. e. , one that can tolerate a closer approach by an enemy traget before making 
a decision to attack. More time is given for the atmospheric discrimination 
problem, and, the time of flight of our missiles being much shorter, the fire- 
power limitation is much less severe. Such a system (known as ’’hard. point 
deter.se ”} shows more promise than most, and might be very desirable for the 
protection oi hardened command posts. More must be known concerning the 
iei =i bility of deep- penetr ation decoys before an accurate assessment of hard 
point defense can be made. 


Deployment of a ZZUS-tvpe system might be significantly more attractive* 
to ti.e Soviets than to the U. S. , since presumably a pre-emptive stride is not 
ruled cut for them. Such a system might be very effective against the disorgani- 
zed remnant of our ICBM force. Also, it might provide effective defense against 
our POUARIS missiles. 
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Ccns ider i.ng the present situation with respect to decoy design, 
discrimination and firepower, neither ZEU £ nor any other sc far proposed, 
defensive system (or combination of systems’; should be broadly deployed in 
the hope that it would be effective for the protection of cur urban population 
against a determined USSR. attack. But if we turn to the possibilities of 
situations ether than the all -cut massive attack on the U. S. by the USSR. , 
then a much better case can be made for deployment of a ZEUS -type system. 
Specifically, deployment of ZEUS might provide: 

1. An effective defense against submarine -launched missiles . 
attacks by lesser powers, ox accidental or limited attacks 
by major powers. 

2. An intangible but real contribution to our morale and prestige. 

3. Useful experience if it should later prove possible to develop 
defense systems that are economically competitive against 
major threats . 

4. Perhaps most importantly, ZEUS might provide the environment 
in which an arms control agreement can become mere acceptable, 
due to its capability against small numbers of clandestine weapons. 

ZEUS can be deployed earlier (in about four years) than any other 
ballistic missile defense system, and much earlier (by at least five years) than 
any system not based on terminal defense. 

Turning now to systems other than terminal defense, they have important 
theoretical advantages ("the attack is far from our shore. " ’’the I CBM is then 
most vulnerable”) but unfortunately are not feasible in our present state of 
technology due to simple technical and financial considerations. In a boost 
inter cepi* system (BAMBI), tens of thousands of our interceptors "would have to 
be placed in orbit. All suggested systems use infrared homing; here the 
technical problems are substantially greater than those confronting MIDAS. 
Development of short -burning time enemy missiles might neutralize the system. 
The annual cost of cue r at ing the system would run into billions and quite possibly 
tens cf billions of dollars. The system could be saturated by launching large 
numbers of missiles from one area (only a relatively few of our interceptors 
would be overhead at any one time). All these considerations make the whole 
concept extremely dubious. 

BAMBI is t>r esentlv confined to a limited systems study and a techniques 
program principally designed to advance the required infrared technology. 


S 



Detection of objects in space is currently being performed by the NORAD 
Space Detection and Tracking System (SPADATS). The system consists of 
two major components. One, the Air Force Space Track System, is a facility 
for computing satellite ephemerides using data from a number of sensors 
located in various parts of the world. The other major component is the Navy 
SPAS UR system, .which consists of a number of large radars in the southern 
united States constituting a "fence. 1 ’ It is the prime sensor for detecting new 
^ “0 ^ c l s in space. It leeos its data into SPADATS. It will shortly have a 
capaoi.li.ty of detection up to 3000 nautical miles on small satellites. 


Since SP AS UR will be traffic -limited when large numbers of satellites 
are in orbit, some consideration is being given to building a large radar with 
a M .s ingle -pas s' 1 capability of detecting and providing orbital data on each new 
satellite. 










In addition. to the large hardware programs and systems concept which 
have been described in the preceding sections of this paper, there is a 
variegated ooay of work going on in the measurements and techniques area 
which both (1) supports the hardware development programs such as ZEUS and 
MIDAS by providing new knowledge on which to base system design (e.g. , 
Project DAMP supports ZEUS; TAB STONE supports MIDAS), and (2) looks to 
the future beyond the existing hardware developments and attempts tc provide 
the technological knowledge on which new systems, if they are to come, must 
be based. 

Most of these programs are centered in ARFA's Project DEFENDER, 
although the individual Services sponsor a few. 

It is convenient to distinguish between Measurements and Technicues. 
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Measur emer.ts 




Tr.e most important measurements are those made against missiles 
tr. err. se.ve s as they re-enter. R.acar and optical phenomena are observed and 
tater correlated 'with theoretical and laboratory research in an effort to under - 
stano tne pr.ysical phenomena. Aside from an occasional croortuniry to 


observe the faglv.s'.plgi 





me major programs measuring re-entry phenomena are: 


1. Project DAMP (Down Range Anti-Missile Measurement 
Program) - Uncontrolled, full-scale re-entry experiments 
using targets of opportunity in AM?,. 

2. Project PRESS (Pacific Range Electromagnetic Signature 
Study) - Controlled full-scale re-entry and mid -course 
experiments using NIKE -ZEUS target missiles in PMR. 

3. Wallops Island Re-entry Physics - Controlled model re-entry 
experiments at Wallop s Island using Trailblazer missiles. 

4. Penetration Aids and MARS (Mobile Atlantic Range Station) 
Penetration aids experiments using R&D missiles in AMR. 

In addition, the ZEUS program itself has a great deal of measurement 
work on re-entry phenomena planned both at AMR and Kwajaiein. 

With respect to launch phenomena,, here the primary interest is the 
measurement of the optical and infrared radiation from the missile, which 
is directly applicable to the MIDAS and BAMBI programs. Project 
TA3 STONE (Target and Background Signal - to-Noise Experiments) is one of 
the major programs in this field. Missiles will be observed in their launch 
phase. As the name implies, measurements will also be made of the back- 
ground radiation from the earth and clouds which makes the target difficult 
to detect. 


There is also a considerable effort in the MIDAS program itself to 
obtain reliable infrared launch and background data. 


n 




The above measurements program is supported by a modes: ARPA 
sponsored program of theoretical and laboratory work. 

7 echr.icues 


There is a great deal of research and development that is relevant to 
early warning and AIC3M defense that is being carried forward in connection 
with other objectives. This is particularly true, for example, with respect 
to radar technology. The discussion here is largely confined to work which 
is supported principally because of its applicability to the AICBM problem. 

With respect to infrared and other optical research, there is a 
pressing need to develop devices of greater sensitivity and techniques that 
will facilitate resolution of missiles fr.om spurious sources. A considerable 
effort is being sponsored, primarily by ARP A . Infrared is a promising 
complement to radar, and research and development in this area needs 
vigorous support. 

In the radar area, there are special problems posed which are critical 
for many AIC3M systems and which will not be attacked in connection with 
other programs. Radar has, of course, been more exploited than infrared, 
but there still seems to be possibilities for significant improvements in 
capability. The phased array (electronically scanned) radar seems to offer 
considerable promise, both for high power and hardness, and is being 
adequately supported. 

Research is under way with respect to several types of kill mechanisms 
for use in AICBM defense, including nuclear effects, hypervelocity impact 
with small particles, charged particle beams, and RF beams. Probably the 
hvpervelocity impact work is the most promising area for work at this time. 
There may be very real possibilities for developing warheads based on this 
mechanism that have significant advantages over nuclear warheads. The 
charged particle and RF beams work must be regarded as very high risk, 
distant payoff types cf research. 

There is a fairly substantial effort spread throughout the DOD on 
other techniques that might be applicable to AIC3M defense. Examples are 
R&D on LASERS, data processing, vehicle guidance and propulsion, and fire 
control. 

It is believed that in general AICBM techniques work is going forward 
at about the right level considering the problems and talents that exist. 
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APPENDIX 1 


EARLY WARNING 



I 




warning system 




-he Ballistic Missile — ar:y warning System {3 MIV/S) consists c: three 
:arge racar installations in the far north designed to detect ICBMs launched 
:rcm the USSR at the US over the North polar regions, and to transmit an 
- — neCit »e a. mng to NOK/-.D an c, SAC. A nominal 15 minutes warning time 
wil: be prodded: the actual times ranging from about 10 to 40 minutes, 
varying with location and* time of flight. 


vVerk oegan by tne Air r orce and its prime contractor, RCA, in ' 1 9 5 7 . 
Tne tnree sites selected were Thul e ; Greenland; Clear, Alaska; and 
- > Imgcaies , England. Tne radars are of two kinds: detection radars g £ the 

^billboard 11 type, very large and powerful, capable of detecting IC3M tanks 


and tracking radars with parabolic antennas vvnicn 
loll owing the missile in its flight. The latter radar_can also be 

about! 



Present configurations planned for the three sites are: 


Thule: 


4 detection radars covering a total of 160 degrees in 
azimuth, already operational (in December I960); 
and one tracking radar, operational December. 1961.. 
This site will cover launches from the central 
portion of the USSR, leaving the US exposed to launch- 
ings from Siberian and Du r op ear. areas. 


Clear: 


3 detection radars covering a total of 120 degrees in 
azimuth, operational September 1961; one tracking 
racar authorized by OSD but not funded (cost, approx- 
imately $20 million). It will still be possible to 
attack the entire eastern half oi the US undetected, 
with 23 degree re-entry angles, provided only that 
the missiles are fired from western Russia, 


F yiingdales: 3 tracking radars covering, for detection, approx- 

imately 90 degrees, operational about July 1963. 
When this installation is completed, all portions 
of the USSR will be essentially covered for tra- 
jectories! 


!• no 




B MEWS can be jammed, either from aircraft, into a low elevation 
angle sidelobe, or from satellites, or by putting chaff in orbit. None of these 
alternatives is really easy to do, due to the multiplicity of beams on differing 
frequencies, and at different sites. If the enemy chose an all-out jamming 
action to mask his attack, this in itself would provide early warning. If he 
chose to jsam us periodically, he must take into account the increased inter- 
national tension which would result, as well as possible countermeasures on 
our part. 









MISSILE DEFENSE AEARM SYSTEM 
(MIDAS) 


MIDAS, which is under development by the .Air Force, is a system of 
orbiting satellites, each equipped with an infrared sensory device designed to 
detect, but not track, enemy ICBMs in their launch phase, thus increasing the 
number of minutes of early warning available from SMEWS (10-40 minutes) by 
an additional 5 to 20 minutes. Although studies have been made of world-wide 
coverage, the present system under design is intended only to detect launchings 
from the USSR, To accomplish this, eight MIDAS satellites in carefully con- 
trolled circular polar orbits will be required, four in each of two orthogonal 
planes at 2000 n.m. altitude. (Serious consideration is being given to 12 
randomly spaced satellites, 6 in each of two orthogonal planes since without 
station-keeping the individual satellites can be made more reliable. ) 

Since MIDAS will have some appreciable false alarm rate, it is conceived 
to have its main value against mass raids. In this respect it is similar to 
SMEWS. 

Three ground readout stations will be necessary, now planned for installa- 
tion in Alaska, Greenland, and the United Kingdom. The design of the system 
is such that there is a very high probability that at least one satellite will always 
be within line of sight of both the launch site in Russia aiid at least one readout 
station. 

Data from the readout stations will be instantaneously sent by communica- 
tion lines (3MEWS circuits will be utilized) tc a central computing and display 
center located in the United States. 

The ATLAS booster will be used, along with an AGENA second stage. 

The AGENA contains the electronic payload: hence the AGENA itself is the 
MIDAS satellite. 

Two test launches have been made; the first failed to achieve orbit; the 
second achieved orbit and some infrared data were secured before telemetry 
failed on the fifth pass. The next launching is scheduled for May 1961. 

The two most important problems facing MIDAS are reliability and 
infrared detection capability. 

With respect to reliability, the design goal is one year average life ' 
per satellite. The present estimate of the life of the next few R&D MIDAS 


ipiPl 


satellites is about 500 to 1000 hours (which seems optimistic): hence 
reliability must be improved by at least a factor of ten to reach the design 
goal. Although no: impossible; this will be difficult to achieve. 

The main problem with respect to infrared performance is whether 
or no: the target can be distinguished from the heat radiation coming from 
the earth and clouds. Various -plausible discrimination circuits have been 
incorporated into the design of the infrared receiver, but until -more test 
data are a vail a d! e , this problem will be unresolved. A comprehensive 
measurements program has been planned to extend our knowTedge in this 
area. Some recent analysis of background and target radiation has been 
er.cou'r aging . 


Enemy spoofing tactics are possible (e.g. , rockets with doped fuels), 
but seem improbable . Since MIDAS will only be useful against mass raids, 
simulation of one target would be of no particular benefit to the enemy. 
Simulation of a mass attack would invite our mass retaliation. 

The system might become operational in 1964 or 1965. No go-ahead 
for an operational system has been granted. 

RkD expenditures through FY 1961 will total about $190 million; 

$200 million is being requested in FY 1962; and it is estimated that an 
additional S290 million will be required to complete the R&D program, .for 
a total of almost $7 00 million-. This will pay for a total of 24 RkD launch- 
ings through -'calendar 1963. 

To attain an operational system will require approximately $500 
million more; annual operating costs will range from $100 million to $400 
million, depending on the reliability attained (the low er figure assumes an 
average satellite life of one year). 

If world-wide coverage is desired, for early warning against other 
areas (e.g. , China) and against submarine launched missiles,* studies have 
been mace showing that 12 or more satellites wdil be required, and 9 
additional readout stations (12 total) scattered around the -world. The 
additional investment will be about $500 million, and additional annual 
operating cost will range from about $100 to $300 million depending on 
reliability. It should be noted that the detection problems vul! be even more 
difficult for the submarine launched missiles, due to their lower radiation 
and shorter burning time, and therefore a redesign of the infrared receiver 
is required. It is not certain that this redesign can be made effective. 



it - £ prooaole that MIDAS car, be developed to the point that 
oe a.:ec::ve against AT L.AS- type missiles; whether or not it can be 
elective against Polaris or Minute man -tvoe missiles isoroblema f i 
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OVSR-THE-HORIZON K.ADAR 


Over-the -Horizon ? v adars depend for their operation on the condi- 
tions of the In o sphere . They will never provide a self-sufficient warning 
system rt: during the time ionospheric conditions permit they will contribute 
useful information on launching s' in the USSR. In addition to its corroborative 
value as a warning system, Over-the-Korizon Pvadars may make important 
contributions for intelligences purposes. 

SV.SWS operates at a wavelength of 0.7 meters. Electromagnetic 
radiation shorter than 10 meters is infrequently reflected by the ionosphere 
and therefore the trajectory of the waves does not bend to follow the curva- 
ture of the earth. This limits BMEWS radars to line of sight detection. 

To extend the range on the earth to distances beyond the horizon 
use has to be made of the reflections by the ionosphere. Research and 
development has been conducted in Over-the-Korizon or Ionospheric Radars 
which operate in the KF band (wavelength of the order of tens of meters), 

A system could be developed out of three different techniques which 
have been tested for the last two years. All three techniques involve multiple 
bouncing of the radar signal between the earth and the F Layer of the 
ionosphere (about 250 KM altitude). One of the techniques consists of 
reflecting the signal at the missile and trail and the ionosphere is used 
or.lv to bounce the signal. In the other two techniques (ground-forward 
end ground-backward scatter) the detection is not effected on the missile, 
itself but on the disturbance produced by the missile in the F layer -.which ■ 
persists for minutes and alters the radar signal. 

Such a system will provide accurate time information on launchings 
200 to SCO seconds after launch at distances as large as 4, 000 KM or more. 
The probability of a false alarm has not been measured but it is expected 
to be low enough to be useful. ' The system will detect long-time burning 
missile.s (AT LAS- type) and some short time burning missiles (MINUTEMAN- 
rype.) but whether or not a system capable of detecting POLARIS missiles 
will be developed depends on the outcome of experiments to be carried out 
curing the next few months. 


An important limitation of all the present techniques is that they 
require knowledge of the launching site in advance. An urgent problem for 
research is to find cut means to survey an extensive area for possible 
unknown launching sites. 



1 ~ e rnor e serious limitations of all the present Over-the-Horizon 
-hacars are due to the very fact that makes possible the long range. This 
>s tne use c: tne lonospnere. It is doubtful that the radar can be used for 
i.iO. e -h^n 5 0 vc- tc 90% of the time depending on tne geographv due to 
l. 0.1 ionospner:c disturbances (such as magnetic storms and diurnal 
variations of the ionosphere). With the existing equipment for ionospheric 
exploration; it is possible to make an accurate «s±£feate of the reliability 
C- -he - ddar d^ta simultaneously with tne gathering of the launching 
i-u or motion. This works both ways and it is therefore possible to schedule 
.i.e launching s for the time when the radars are out of operation. 

There is a possibility of developing ionospheric radars operating 
at the very low frequency band (wavelength of the order of 15 KM). These 
radars would use the D layer of the Ionosphere (75 KM altitude) which is 
mere stable tnan tne r layer and this would make the radar operative at 
times when the F layer is not useful, and vice versa. More research is 
needed before any predictions are possible. 

Before a complete operational Over -the -Horizon Radar system 
should be deployed a tactical evaluation of its usefulness must be made. 

The current level of research and development by ARP A and 
tne Services is considered to be appropriate in light of the present' state 
C- technology and the need for specific tactical evaluation cited above. 
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APPENDIX 2 


ACTIVE DEFENSE 


ZEUS 




U S , under development by Sell Telephone h ab oratories for the 
*“■*" rr * >’ ; • 5 r " £ omy active defense ant: -ballistic missile system under hard- 
ware development in the United States or allied countries. Over S900 mil- 
lion has been budgeted on the program through ?Y 1961, and the total develop- 
ment cost will approximate Si. 7 biiiion through FY 1965. 


Tne system is a terminal defense system in which the incoming targets 
c - r e h e ue ct ec and tracked oy radar; the ZEUS missile is launched and, by 
comrr.tnd guidance, steered to an intercept point; and its nuclear warn e ad is 
de.on&ved by ground command. A special radar provides some capability of 
discrimination between warheads and decoys. Each battery has a maximum 
range of about 75- ICO nautical miles against low-arrival rate targets; in an 
ail-out mass attack, in which the enemy is assumed to use multiple warheads 

orjiecoys, this range is rapidly degraded, due to the necessity 
uiitii atmospheric discrimination is effected. 


ty of holding fire 


Testing oi parts of the system, including limited -range missile firings, 
ric.s Degun at White Sands Missile Range. Future tests are scheduled at 
Ascension Island, where a Target Track Radar will observe Atlantic Missile 
Range ICBM re-entries; Pt. Mugu, where the ZEUS missile will be tested 
to its full range; and Kwajelein Island in the Pacific. The latter location 
will have a complete ZEUS system, and actual inter ceots will be flow r n 
against ICBMs fired from Vandenberg. These firings are scheduled to begin 
about January 1962. There are some recent indications that this program 
may slip about, six months. 


it is believed that the Kwajelein tests, in addition to influencing the 
cesign of the Z iuUS system itself, will also provide invaluable data for our 
own penetration aids .program. 

a decision to deploy ZEUS is made, the first batteries can become oper 
Uonaj m about tour years. Approximate total costs of varying levels of 
deployment are: 4 batteries. Si. 2 billion; 12 batteries, S2.3 billion; 30 
batteries, S4. 3 billion; and 70 batteries, SS bilhcn. 


1 he most important limitation, of ZEUS is that its fire power will 

probably not oe able to handle the number of simultaneous targets 'which can 

reasonably be expected in an all-out war with the USSR. Such targets may 
be multiple warheads or a combination of w ar head s and sophisticated decoys. 
{A standard two -battery configuration can handle six simultaneous targets 
a U\° >:: ~ Ste!y ever >' 1 * 3 ° seconds, until its missiles are exhausted. ) Since the 
Zi,uS raca.rs are relatively soft, one enemy warhead exploded nearby will 
destroy them. 


.ra proved if a cheap, 
his would per mi: 


cestroyeu. Studies in tns area are only moderately encouraging. 

crimination cap anility is being designee into ZEUS which may be 
effective against lightweight decoys and tank fragments. 

Another important consideration applicable to any point defense system 
iiKc tS is era: city populations cannot oe protected against mass attack 
oy suer a system without a major program of fallout shelters. The enemy 
has merely tc explode suriace bursts outside the range of the ZEUS battery 
and tne resultant fallout will be lethal against the population, 

ZEUS can be expected to be quite effective against low rate-of- arrival 
targets suer, as might be launched from enemy submarines, or from enemy- 
countries (e. g. , China) having only first generation, unsophisticated missiles, 
it might also add certain intangible but real factors to civilian morale, and 
thus strengthen our international posture. 

One important way in which ZEUS might help create world stability 
is that, if arms limitation negotiations are successful, ZEUS would be 
quite eifective against a small number of clandestine missiles. 



ZEUS can be deployed earlier than any competing system, and much 
earlier (at least five years) than any system not based on terminal defense. 

K^y problems as to ZEUS's effectiveness are the degree to which its 
discrimination techniques against decoys can be made effective, and whether 
cr not an etiective, cneap (non-nuclear) ZEUS missile can be developed 
which will allow greatlv increased fir e no we r. 




(ARP AT) 


...U, ;; RPAT ( - rorn . AKPjt : Terrrdn£ l) is £ terminal-defense system concept 
‘ v "* t£ - c - -n i 959 ic sr. attempt to get around some of the 
pro Diems of target identification that beset NIKE- ZEUS. During 1 960, 
: ^ e i Ve ^ P " ?er Ie££ -^‘y studies were conducted on critical elements of the 

' se study results were- sufficiently promising to warrant 
during FY 196}' and 19o2. Aonroxi- 


ARPAT 


concent. 


a more intensive feasibility invest: 


...ate cost o: tms program is SIC* million through FY 1962. 

The ARPAT concept is based on the assumption that moderatelv heavy 
decoys (20-200 pounds) can be built which will defy discrimination, while 
*ignt decoys (20 pounds or less) may not be dis criminable until thev descend 
to about 200,j)00 feet altitude. To counter a threat with many decoys, ARPAT 
would delay final weapon commitment until targets have reached 15 0, 000 - 
200, 000 :eet altitude, and employ interceptors which would be sufficiently 
inexpensive to justify attacks on all undiscriminated objects as a matter of 
doctrine. 


*0 c.cccmplish the late final commitment, a large number (50-500) of 
small interceptors would be lofted to 100, 000 feet altitude upon radar warning 
01 an attack upon the area defended. These small interceptors (50-75 lbs.) 
would be assigned to undiscriminated targets by a specialized ground radar, 
anc. then proceed independently by homing on infrared emitted by the aero- 
d mtirmcaily- he«s.ted re-entry bodies. Kill would be accomplished by hyper- 
velocity impact of portions of the interceptor structure on the target. 

ARPAT, a terminal defense system like ZEUS, could not be used to 
defend y op^ & -.cn e-gc-mst a callout attack, and if deployed for population defense 
should be paralleled Dy a fallout shelter program. 

^ S>s-ems emt> odying the ARPAT concept appear (on the basis of the 
limited-paper studies conducted so far) to be capable of defending localized 
- c .-ge.s missiles accompanied by a few tens of heavy decoys. However, 

it may turn out teat ARPAT would be inherently vulnerable to other tvpes of 
countermeasures. The FY 1 96 1 -1 962 program has been planned to verify 
experimentally the critical new technology involved in the ARPAT concept as 
well as tc estimate system cost, effectiveness, and vulnerability to enemy 
countermeasures. 


, . _ 5 P-og_e.m - c _ n 5 o«t tavc-rabjy, a decision made in 1963 to develcD 

ano cepioy ARPAT could be accomplished by about 1 970. The cost per dtv 
attended would be comparable to ZEUS projected costs. It may also turn out 
; o be possible to integrate ARPAT and ZEUS at a cost not greatly exceeding, 
cu: witn effectiveness higher, than either alone. 
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“ r -- s cru cial uncertainty is resolved, the feasibility of hard point defense 
at r ease-name cost cannot be determined. 


-r- tecnmcaily diner ent approach to hard point '‘defense (for example, 

*“ / ls De:r -S g-ven some consideration. Rather than employing ant:- 
m: ssi.es wmch seeK out incoming missiles and are therefore vulnerable to 
decoying, these concepts involve lofting a barrage of pellets through which 
£-cus ooieers would have to fly. Warhead and decoy alike would be 
cesrroyec t: tne carrier were sufficiently high (sc that atmospheric slowdown 
~-c~ occurrec) and the pellets of the barrage sufficiently heavy to accomplish 
Considering tne uncertainty of our current knowledge, the weight of 
pellets required may range from one million to one hundred million pounds per 
2 --- £ ’ c k for each hard target defended. Systems of this kind have not yet been 
examined closely enough to determine their cost or susceptibility to specific 
countermeasures. 


Anotner sigmiicant uncertainty relates to the feasibility of countering 
tne enects on defense systems of large, low -altitude, nuclear bursts; or 
alternatively, the possibility of successfully attacking with weapons which denv 
tne possibility of the enemy's warheads detonating. 


Tne Penetration Aids program as well as the decoy discrimination 
research carried on in ZTUS and DRFZNDTR wall go a long way toward 
resolving the uncertainties in decoy capability. Resolving the questions raised 
by possible nuclear detonations is not possible without testing; but theoretical 
studies based on available data may furnish a useful degree of knowledge. 


i would be reouired 


The Air Force has estimated that about ) 
between the start of weapon system development and IOC^ Some research 
m nard point defense technology is being conducted at present, and some of 
tt.e system problems are closely related to those experienced in ZRUS and 
ARPAT. Increasing the effort on technology related to hard point defense 
(especially work on high thrust, short-burning time interceptor s) is desirable 
tins time. Some limited systems work should be undertaken to pin down costs 
and prepare for possible weapon system development. 


i 




BALLISTIC M ISSILE 3.00S7 LXTLP.CLPT 
(SAME I) 


The BAM3I program is concerned with inter cep: of enemy ballistic 
missiles during me launch or pre-Durn out part of the trajectory or in some 

on 


cases snortly tne r e after . location of B ALIBI interceptors on satellites in 
or oit seems to be tne only approach offering any promise of making possible 
intercept during the short time period available: 150-to-300 seconds burning 

time for present 1C3M designs and even less for IRBMs and possible 
advanced ICBMs. Those concepts considered so far differ in detail but all 
involve the placing and maintaining of large numbers {tens of thousands) of 
interceptors in orbit, Tnose considered to date rely primarily on infrared 
radi&tion irom the plume of tne hostile missile for detection, tracking, and 
intercept and on hypervelocity impact with small pellets for kill of the hostile 
missile. 3y operating in parts of the infrared spectrum where water and/or 
carbon dioxioe molecules are strongly absorbing these systems, like 
MIDAS , use the earth ! s atmosphere as a natural filter so that there will not 
oe a response to radiation emanating from sources on the earth's s ur face 
This clIso means, ci course, mat the 3 ALIBI systems can detect ballistic 
missiles only after they have risen above the sensible atmosphere, a factor 
which cuts tne total time available for response well below the figures given 
above . 


Cne cf tne attractions of the 3 ALIBI -type concept is that it may per- 
mit attack when- the enemy missile is most vulnerable, i.e. , during the 
powered part of the trajectory. Also, decoy problems will be different and 
Quite possibly easier to deal with than those with which terminal phase 
A. ICS LI systems are plagued. 

u> AM3 1-type satellites and interceptors would be expected to burn up 
as tneir orbits decayed and they re-entered the earth's dense atmosphere. 
Nevertheless , the political acceptability of such systems would undoubtedly 
be questionable . Particularly, an effective BAMBI system would intercept 
Soviet (and per naps other) space flight launchings unless special previsions, 
including preannouncement of such launchings, were made to preclude inter- 
cept. 

Moreover, the technical feasibility of the BALI3I-type concepts is 
dependent on the solution of a number of critical or oblems . The information 
on infrared radiation from missile plumes and from cloud tops is very 
inadequate, out there exists the very real possibility that discrimination 
between missiles and clouds, and possibly ether spurious sources such as 



and da4 a Pr ° Dlern re 1 uirin S ~* or e sophisticated infrared 

anc da.a processing equipment than some of the present concepts envisage 

pe-mi‘Tne r “ be . V6ry diffiCUl£ t0 achieVe reliability adequate to 
pe.mi long term operation, and this is absolutely essential. Even with 

‘ — ial reduction 

.Hat could exact a fea^onabl^riu^^^^^^^^^e 

z:s, ~ in, ° b,m °“ “ d xssx? 

svs‘em ’ - 1 om e - E “east*es sucn as pellet attack against the BA. MB I 

sys em, ceveiopment of very short burning time enemy missiles, and ' 

small' area 6 unionization of launch of ICBMs from a relatively 

small area may seriously degrade the system's effectiveness. 

cents TV, ^ million has been spent by ARP A on BAM3I con- 

mav meri f S ,!r nCePtS C0 ‘? inu ! t0 be sufficiently attractive so that they 
p-ovram ' U * ,", er research - However . a development and deployment 

program would oe grossly premature at this time. 



MIDCOUP.SE AIC3M 


An ICBM travels for 1, 200 seconds or more in midcourse; i, e, , 
between the end of boost and the beginning of re-entry. This time may be 
compared to 200-300. s'econds spent, in boost and 100 seconds or less between 
re-entry and impact. 

l he midcourse phase is particularly attractive from the point of view 
of defense for a number of reasons, including 

a. Time is not as critical as in boost or terminal phase 

systems; 

b. Local saturation of the defense is avoided; 

c. The anti-missiles may be ground-based (as opposed to 

BAM3I systems); 

d. A second shot (via a terminal system) is possible; 

e. Any nuclear detonations would occur outside of the 
atmosphere . 

. In. consequence very much thought and hope has gone into midcourse 
AIC3M systems. 


In midcourse, however, the decoy problem is much more severe than 
in tbs boost or terminal phases. Since missiles are in "free fall" in mid- 
course, the trajectories of warheads and warhead-shaped balloons are 
indistinguishable. Such' balloons (weighing about one pound, and requiring 
only a few cubic inches for stowage and launch mechanism) constitute an 
almost insurmountable problem for midcourse AI.C3M, as balloons can 
closely match the appearance of warheads to radar, visual, or thermally- 
sensitive instruments. 


Consideration, has been given to lofting large nuclear weapons to the 
vicinity of an incoming target cloud to melt or deflect balloons over the long 
path (200 miles or more) that elements of a single ICBM launch may easily 
fill. This has Led to the invention of ether midcourse decoys (for example, 
"bird cages") which would survive a nuclear explosion at a range of ten 


miles or so; and would, to radar at least, be indistinguishable from a balloon. 



Many system configurations have been explored, but to date 3 salient 
teaiures of all the systems examined seem to be: 

a. The systems are all significantly more expensive than 
the enemy force they purport to counter; 

b. The enemy--by an expense small compared to the- cost of 
his offensive force -- could add decoys and other features 
whicn would effectively counter the defense systems so 
far examined. 

c. The time it would take an enemy to accomplish these 
modifi cations is short compared to the time required 
to develop and deploy the defense system. 

For these reasons, midcourse AICBM activities are essentially limited 
to general phenomenological research, with only a "keep alive” trickle of 
systems -oriented effort. 




SPACE SURVEILLANCE 


There are now a few tens of satellites in earth orbits. If a signifi- 
cant number of satellite programs among those now being considered is 
carried out, a satellite. population o: as mam 
not probable, in less than ten year s . From 
many of the satellites placed in orbit by fore 
security. Information about these satellites 

appropriate military commands. In addition, it is necessary to keen 
track of our own military satellites. 


r as 10,000 is possible 
a military point of view ; 
ign powers may thr eatei( ^ou g, 
must be made available to 



The space surveillance mission is now being performed by the 
NORAD Space Detection and Tracking System. (SP AD ATS) . This system, 
under operational control of CINC NORAD , consists of two major com- 
ponents. One, the Air Force Space Track System, is a facility for 
computing satellite ephemerices using data from a number of sensors 


' located in various parts of ‘the world. The other major component of 
SPADATS is the Navy SPASUR system. It is the prime sensor for 
detecting new objects in space. 



SPASU R, a fixed beam CW system, is being upgraded so that the 
probability of 

The present system in its simplest and most attractive form will become 0 
traffic limited as the satellite population increases. SPADATS needs 

sufficiently accurate to avoid ambiguity. In order to provide tms 
capability, a SPASUR type system becomes more complex and alterna- 
tives to it must be considered. 


In October I960, the Air Force was requested by the Secretary of 
Defense n to submit a detailed development and funding plan for improve- 
ment of the national space surveillance system which carries the 
coordination of the Department of the Army and the Department of the 
Navy, and which will satisfy the requirements of the Joint Chiefs of Staff 
and their designated operational command. " This plan is new in preparation. 


HEBfflk 


It is felt to be desirable that a significant increase in oar space 
surveillance capability be achieved, beginning immediately. It is 
estimated that an expenditure of $30 million in 5*Y 1962 is needed to make 
a vigorous start toward improving SP AD ATS . The exact nature of the 
sensor has not yet been decided. A possibility being considered is a large 
electronically scanned radar. The use of such a radar would serve the 
dual purpose of providing a sensor for SPADATS and advancing the art 
for other applications (e.g., Ballistic Missile Defense). Alternatively, a 
more conventional radar may well serve the SPAJDATS purpose. It would 
take about five years and cost about $50 million to obtain an array radar. 
Additional expenses of SPADATS could make the five year total cost 
(including radar) approximately $80 million. A more conventional radar 
could be obtained in less than three years at a cost of about $20 million, 
for a five year total cost of approximately $50 million. However, there 
will probably be no over- all saving to the Department of Defense since 
additional money in the latter case would undoubtedly be spent in another 
program (e.g., NIKE ZEUS) for an arrary radar. 

The cost of SPADATS and its predecessors through FY 1961 has 
been approximately $47 million. 
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APPENDIX 4 


MEASUREMENTS h RS:D TECHNIQUES 



DOWN-RANGE ANTI-MISSILE MEASUREMENT PROGRAM 

(DAM?) 


DAMP is an ARPA sponsored program which was started by the 
Army to make re-entry measurements on IRBM's and ICBM’s in AMR. 
The principal measuring platform is the American Mariner, a Liberty- 
type ship which has both radar and optical measuring devices on board. 
The DAMP program which includes the ship and supporting land facili- 
ties has cost about $10 million during FY 1961 and will cost about $8 
million in FY 19 62, the difference being improvements to the technical 
equipment added during FY 1961. 

The DAMP ship has provided the only radar measurements we 
have on re-entering IR3M and ICBM nose cones. These data have been 
invaluable in verifying the theoretical and laboratory re-entry physics 
work. Although the DAMP ship does have limitations in both range of 
its radars and speed of the ship, its continued use is clearly indicated 
at least until in CY 1962 when the MARS ships are scheduled to become . 
available. Data have not yet been obtained on such missiles as the 
MINU T EM AN nor on the decoys being developed under the Penetration 
Aids program. The NIKE -ZEUS target tracking radar (TTR) on Ascen- 
sion Island is now becoming available for re-entry measurements m 
AMR. This radar has greater capabilities than the DAMP ship radar, 
but is obviously not mobile and, therefore, is restricted to observing 
fir ins s which impact in the Ascension area. 

The continued use of the DAM? ship beyond CY 1962 is doubtful 
in light of the expected availability of the two MARS ships which will 
have significantly greater capability and the initiation of the PRr-SS pro- 
gram which will permit fullscale controlled re-entry experiments. 




PACIFIC RANGE ELECTROMAGNETIC SIGNATURE STUDY 
(PRESS) 


PRESS is an ARP A field experimental program to investigate the 
physical effects associated with the flight of ballistic missiles from mid- 
course through re-entry. The total cost of this program over a four - 
year period, FY 1960 through FY 1963, including equipment, installation, 
and operation is approximately Si 00 million. The amount programmed in 
FY 1961 is $46 million and in FY 1962, 524 million. The facility is being 
located at Roi-Namur in the Kwajaieir. Atoll, and will be operational about 
June 1962. Some limited experiments and observations will be made 
several months prior to this date. 

The immediate objective of the research is to learn as much as 
possible about the physical interactions which take place in flight, expe- 
cia'lly during re-entry. The program has a later objective of determining 
whether ICBM bodies {re-entry vehicles, decoys or other) intrinsically, 
produce observable physical effects from which their identity can be 
derived; hence ; attempts will be made eventually to test specific discrimi- 
nation methods --in real time, if possible. 

The proximity of Roi-Namur to the NIKE -ZEUS test installation on 
Kwajalein Island will enable the PRESS experiments to use the 4'7 ATLAS 
tar get mis s lies and communications provided by the ZEUS.pr ogram . These 
missiles will be controlled by the NIKE- ZEUS system calibration and. 
demonstration requirements. They will serve many of the needs of the 
PRESS program, but it is expected that a few missiles with special payloads 
for PRESS will be required. 

At the present time, the radar instrumentation programmed for 
PRESS is the TRADEX two-frequency (UHF and L -3and) radar being 
built by RCA. It is scheduled for emplacement on Roi-Namur in late 
1961. Three aircraft based on Sniwetok and ground installations on Roi- 
Namur and Kwajalein will be used to make optical and infrared measure- 
ments . 

Lincoln Laboratory has been selected to undertake the scientific 
direction of PRESS. Lincoln Laboratory also conducts the Wallops Island 
model experiments which will permit close correlation of. the model and 
fulls cale experiments. 



Project PRESS will be the only- program of controlled fullscale 
research experiments conducted dowr.range with scientific personnel and 
computational facilities with the measuring instruments. As such, it is 
the keystone to the re-entry physics and discrimination programs. The 
NTKE-ZEUS equipment on Kwajalein will contribute to the research pro- 
gram in a limited way, on a noninterference basis with the ZEUS prune 
objective, which is a system demonstration. 


WALLOPS ISLAND RE-ENTRY PHYSICS 


Lincoln Laboratory is conducting a re-entry physics program 
sponsored by ARPA with, a major portion of its effort devoted to lield 
experiments at Wallops Island using special re-entry vehicles, Trail- 
blazer, designed by NASA. Laboratory and theoretical studies in 
support of the field measurements are carried on to establish a model 
for predicting the events to be observed in the field and to analyze and 
interpret the results. The total cost of the program through F Y 1961 
has been $13 million and $4 million is projected for FY 1962. 

The Wallops Island firings provide controlled experiments on 
special re-entry bodies of 5 M and 15 M diameter at IC3M re-entry 
velocities. The primary advantage and disadvantage of this program 
as compared to fullscale programs are similar to any model program, 
namely , inexpensive controlled experiments versus the difficulty of 
scaling the model results. The program will provide valuable assistance 
in the design of the PRESS experiments as well as permit additional 
model work to examine results obtained from PRESS. 


TARGET AND BACKGROUND SIGNAL -TO-NOISE EXPERIMENTS 

(TAB STONE) ; 


Project TABSTONE is an AREA program designed to provide a 
detailed understanding of the optical and ER phenomena associated with 
the launch phase and also the expected background conditions against 
which detection and tracking equipments of launch type systems will 
have to operate. This program is just being started and is estimated 
to cost $5.2 million the first year and $4 million the second year. The 
program includes airborne and rocketborne measurements of targets 
and backgrounds and the necessary laboratory and theoretical research. 

Current system concepts such as BAMBI and weapon development 
programs such as MIDAS are proceeding without a detailed understanding 
of either the target or the background. Although the MIDAS system may 
work in the narrow infrared region for which it is designed, the program 
does not include investigation of alternatives. The BAM3I sytem concepts 
involving kill during boost and not just detection as in MIDAS impose much 
more stringent requirements on d&ta needed for the definition of targets 
and background. 


Although TABSTONE will obtain information vital to MIDAS and 
BAMBI, its broad objective is to learn about the launch phase of missiles. 
It is the first coordinated program of measurements and analysis' m the 
launch phase. It has been preceded by the relatively uncoordinated Inter - 
Service Radiation Measurement Program (IRMP) which has been some- 
thing of a disappointment. The cost of IRMP 59-60 was approximately 
STO million. 



PENETRATION AIDS 


AND MOBILE ATLANTIC RANGE STATION (MARS) 


Although this* program is part of our over -all development of 
offensive capability, it is covered here because it is so closely related 
to Ballistic Missile Defense. It is the existence of defense concepts 
and the substantial effort in AICBM that motivates and defines the 
Penetration Aids program. 

It is easy to duplicate a nose cone in all its observable charac- 
teristics with a very light object as long as it is outside the atmosphere. 
It is also easy to duplicate the slow-down characteristics of a nose cone 
in the atmosphere with a very light object to an uncomfortably low (for 
the defense) altitude. It is not as easy to duplicate both slow-down and 
signature characteristics. The Penetration Aids program is designed 
to produce from study and experiment the knowledge required to: 

1. Reduce the radar cross section of nose cones. This has 
the twofold effect of delaying detection of the nose cone 
by the defense, and making easier the job of duplicating 
the signature of the nose cone. 

2. Produce lightweight decoys with re-entry characteristics 
indistinguishable from those of nose cones. 

3. Modify nose cones to control the observables in ways 
which confuse the defense. 

4. Produce integrated penetration packages making use of 
decoys, electronic countermeasures, multiple warheads, 
tank disposition, etc. , where appropriate. 

Fiscal Year 1961 and prior effort on penetration aids is $33 
million; FY 1962 funding is 332 million. 

Closely associated with the Penetration Aids program is the 
MARS program of mobile instrumentation. Two ships, equipped with 
an array of sensors (radar, IR , optical) will be positioned so as to 
observe missiles equipped with various penetration aids. These obser- 
vations will be used by those working on AICBM as well as for pene- 
tration aid development. MARS ships also serve to produce firing tables 





for the missile designers. The funding for the MARS ships is approxi- 
mately $30 million in FY 1961 and 330 million in FY 1962. Airborne 
instrumentation will also be provided. 

The Penetration Aids program has been slow starting. While it 
is the collective ODinion of the scientific community that the offense has 
a great potential advantage over the defense, complacency in the matter 
is not justified. A determined defense would be highly effective against 
missiles employing no penetration aids. The Air Force Penetration 
Aids program must not be allowed to suffer from budgetary restrictions. 



MISSILES 


OBSERVATIONS OF SOVIET 


All of the major programs discussed in detail in this section are 
ones in which we are observing our own and not Soviet missiles. From 
the longer term research viewpoint, this is not a serious handicap since 
we hope to understand the physical phenomena well enough to predict 
effects for any type of re-entry vehicle. In Tact, we must avoid the trap 
of designing a defense system which will normally take at least five years 
to develop and deploy, based on observations of Soviet missiles today. 

However, we have profited from the Soviet observations made in 
January and July I960, both from intelligence and research aspects. 

These observations were made using aircraft and instrumentation diverted 
temporarily from observation programs in AMR. A separate aircraft 
operated by the intelligence community under the Nancy Rae Program will 
be available after June 1961 for optical and infrared re-entry measure- 
ments of Soviet missiles in the Kamchatka area. The potential value of 
these measurements is great. In practice, we may get very little since 
the Soviets will have the capability of interfering with this aircraft operating 
about 100 miles from its territory. 

Another program to obtain radar re-entry measurements on Soviet 
missiles is being evaluated at this time. 



SPACE AND UPPER ATMOSPHERIC PHYSICS RESEARCH 


MISSILE, 


In addition to the specific programs such as DAMP, PRESS, 

Wallops Island and TABSTONE, there are numerous smaller programs 
concerned with theoretical and laboratory work on missiles , space and 
atmospheric physics. Most of these programs are in the $300,000 to 
$600,000 per year range. The total cost in FY 1961 was approximately 
$10 million and the amount programmed for FY 1962 is approximately 
$ 1 1 million . 

The primary purpose of these programs is to provide a compre- 
hensive theoretical understanding of the phenomena produced by missiles 
and the environment in which the missiles operate. There is some 
duplication among these programs and between these programs and the 
larger ones such as Wallops Island which also includes theoretical work. 
This duplication is justified at this time in view of the present state of 
knowledge but should be expected to be reduced when the theoretical 
models of the phenomena become reasonably well accepted by the scientists 
in the field. 

As part of these programs, some scientific tools are being built 
which have application to basic research beyond ballistic missile defense 
research. One of these tools is the 1 000 -ft . 'radio telescope being con- 
structed in~ Puerto Rico as the principal instrument of DODIRF (Depart- 
ment of Defense Ionospheric Research Facility). The cost of this 
facility through FY 1962 is estimated to be $6 .8 million. 



R&D TECHNIQUES 


Infrared - Optical Research 

In addition to the effort previously discussed to provide a better 
understanding of the nature of the infrared and other optical radiation 
from missiles, and the transmittance through the atmosphere, there are 
serious problems, and great possibilities for improvement, in detection 
devices, and devices that will facilitate discrimination of missiles from 
other light sources such as sunlit clouds. 

The major possibilities for discriminating between missiles and 
spurious sources probably are in the development of devices that: 

(a) can measure and compare the intensity of radiation 
from a source at two or more parts of the spectrum. 

(b) can make scan-to-scan correlation of intensity and 
source positions. 

( c ) have appropriate optics so that very small fields of 
view can be used. 

(d) have sufficient sensitivity. ^ 

Work is being supported in all these and other areas of technology. 
Devices with improved sensitivity at longer wavelength are important and 
are being investigated, particularly for detection and tracking of aero- 
dynamically heated warheads (as distinct from boosters). For the re-entr 
problem, techniques to deal with multiple targets are necessary and are 
being supported. The total support in the IR-optical area for FY 1962 
amounts to about $15 million. Considering that the feasibility of MIDAS 
and several proposed AICBM systems is absolutely dependent on infrared 
technology, this level of effort seems none too large. It is probable “hat 
techniques can be developed within the next few years that will meet most 
of the demands of these systems, though in many instances the levels of 
sophistication may be far higher than was originally thought necessary. 



Pv.adar Techniques 


while much 01 the general radar technology is applicable to 
-n-iCBM problems, there are some areas that are being developed primarily 
because of the demanding requirements of ballistic missile detection and 
defens e . 

(a) The need for detection of targets of relatively small cross 
section {tractions of a square meter) at extreme ranges (thousands of 
miles) has made necessary the development of high power components and 
especially high power tubes. Further work in this area is being supported 
a “d * 5 o - 1 - e a l importance . The problems are likely to get much worse as 
there now appear to be very real possibilities of developing warheads with 
effective cross sections of the order of a thousandth of a scuare meter. 

(d) Because of the very great speeds involved, the large antennas 
needed, and the necessity to handle multiple tracks, electronic scanning 
techniques have great advantage over techniques used in the past. A great 
deal Oa effort is under way to develop technology in this area. 

(c) The need to discriminate between decoys and warheads has 
posed special problems 10 : radars. Extremely high resolution has become 
especially important. This is true, of course, because of the need to 
resolve cracks of separate objects, but also there is the hope that with 
sufficiently high resolution it may be possible to measure the sizes, of 
incoming objects. 

(d) especially for defense of hardened targets, radars that can 
withstand considerable over -pres sure from a nuclear blast may be of great 
importance. The electronically scanned phased array type radars offer 
hope of reaching about .10 0 psi hardness. 

me amount iunded xor Fiscal Year 1962 for radar development that 
can be charged to the AIC3M research is about 330 million. Of this, about 
p2 0 minion is oeing spent on developing the technology/ for electronical 1 v 
scanned radars. Most ot this last amount is supported under the ZEUS progr 

LASER Re search 

"W Lthin tne last year the feasibility of an optical type radar, the 
n, R , nas oeen demonsiratec . ihis may have seme very great advantages 
over conventional radars; particularly, the energy can be concentrated in an 




extremely narrow bsin:. Development in this area is in its infancy . 
About Si million is funded by DOD for Fiscal Year 1962, There is. 
in c mentally ( a larger amount of research in this area being supported 
by corporate funds . 

Kill Mechanisms and Vulnerability 

A ballistic missile nose cone, capable of surviving re-entry into 
tne atmosphere, is a very difficult object to destroy by means r.ov>- avail- 
able. The kill mechanisms effort is a vigorous research program to 
deime more closely tne kill capabilities of the mechanisms now relied on 
xor destruction and to discover techniques offering greater- effectiveness. 
The vulnerability effort is concerned with side effects, such as radio and 
radar interference or blackout ‘which may accompany the employment of 



(b) Feasibility studies of the use of charged particle beams as a 
kill mechanism show that many problems need more detailed study, and 
several critical exp er iments will be required to check current theories. 
Research is under way aimed at producing a high energy, large current, 
oeam of. electrons or protons to investigate problems in beam stability, beam 
spreading and target damage . Theoretical and experimental work is 
being conducted for a high energy plasma accelerator which, in theory, 
can provide a relativistic high current beam. The probability of developing 
a feasible charged particle beam defense system seems at this time to 
be very low. However, it has not yet been demonstrated to be infeasible. 

The amount of research funded for Fiscal Year 1962 is about $2 million, 
most of which will be spent in completing and doing critical experiments 
on devices that have been under development for some time. 



(c) Both experimental and theoretical studies are being 
conducted to determine the feasibility of using microwave electromagnetic 
radiation as a kill mechanism. The prospects for an effective defense 
system based on this mechanism are at best no more promising than for 
the charged particle beam. One of the most important questions is effi- 
cient transfer of energy from the beam to the target! Some work in this 
area may be justified. Other areas being examined are propagation and 
breakdown effects, extremely high power microwave generation, antennas, 
and power sources. Much of the latter effort may be unwarranted at this 
time considering the dim prospects and the criticaLity oL the concept to 
the solution ot the energy’ transfer problem. Some of the "work, is of funda- 
mental interest as physics and should perhaps be suoported as such 
rather than in connection with kill mechanisms. About S3 million is being 
funded for Fiscal Year 1962 for radio frequency kill work. 

(d) There are major disadvantages to using nuclear warheads 
iii AICBM defense; need to detonate at high altitude to avoid damage to 
one's own personnel and facilities, high cost which may be prohibitive if 
one is forced to engage many objects (decoys as well as warheads), and 
nuclear and IR blackout effects (see below). For these reasons, kill 
techniques using high velocity solid material impacts has received 
increasing attention recently. However, little is known about the relation- 
ship of destructive effect to pellet size, velocity or composition or about 
possible warhead destruction mechanisms. For example, much more 
needs to be learned as to how small the damage to a nose cone can be and 
still insure its destruction during re-entry. Hypervelocity pellet war- 
head development is probably one of the most promising leads for radical 
improvements in AICBM capability, research in this area should go 
forward with high priority. About 55 million is funded for Fiscal Year 
1962 . 

(e) It is necessary to assume that nuclear detonations will 
be significant factors in any ballistic missile or space defense system, 
either in the vehicle under attack or as part of the over-all defense 
system. There are unresolved problems regarding nuclear interference 
with RF, IR and optical signals and effects on electronic components. 

The effects, such as radio or radar blackout, caused by ionization 
produced by high altitude nuclear bursts are being studied. In addition, 
damage can occur in electronic systems or components from transient 
radiation pulses emitted by a nuclear explosion. Transient radiation 
effects on electronics are not sufficiently understood and extensive 
theoretical end experimental research is being conducted to provide 
definitive information. 




ocu- olo million is fended for Fiscal Year 1962 for research 
on such problems as guidance, fire control, nropulsion for vehicles 
tiiat mignt be used fpr AICBM or space defense systems. Much of the 
e-.ort nere is in the nature of parametric studies that would sutoot' 
systems work on such concepts as BAMBI. There is a limited Amount 
oi component development and test work 'involved. A significant research 
and development effort in these areas is desirable. It should precede 
and nave higher priority than much of the detailed systems work 



